Description 

ROTOR THERMAL MODEL FOR USE IN MOTOR PROTECTION 



5 Technical Field 

This invention relates generally to temperature 
protection for induction motors, and more specifically concerns 
a system using thermal models for the protection of motors. 

10 Background of the Invention 

U.S. Patent No. 5,436,784, owned by the assignee of 
the present invention, discloses the use of thermal models to 
determine when an overload condition has been reached relative 
to calculated temperatures in the motor. The contents of the 

15 '784 patent are hereby incorporated by reference . The thermal 
models include one model for a start condition of the motor, 
defined as when the measured rotor current is relatively high, 
specifically, greater than 2.5 times the full load rated motor 
current, and a second model for a run condition of the motor, 

20 i.e. when the motor is at rated speed, defined as when the rotor 
current is less than 2.5 times the maximum rated current. 

The thermal models are determined using values of 
full -load motor current, locked rotor current, and locked rotor 
thermal time, which are available from the manufacturer. 

25 Threshold values of temperature are established for both 
conditions (both thermal models), again using the manufacturer's 
information. The thermal models include a representation of the 
heating effect in the rotor, a representation of the thermal 
capacity of the rotor (the product of the specific heat of the 

30 body being heated times the mass of the body) , and a cooling 
effect present in the rotor, i.e. the ability of the motor to 
give off heat during operation. 

Figure 1 shows a known electrical analog of the 
thermal model approach for a '"start" condition of the motor, 

35 while Figure 2 shows a known electrical analog for a '"run" 
condition. In the figures, Ri refers to the locked rotor 
electrical resistance (in ohms) , Rq refers to the running motor 
electrical resistance, II refers to the locked rotor current, Ta 
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refers to the locked rotor time with the motor initially at 
ambient temperature, T© refers to the locked rotor time with the 
motor initially at an operating temperature, while TD refers to 
a time dial number needed to reach the trip temperature, and SF 
5 refers to a "service factor" value, i.e. a threshold value. 

In the thermal model arrangement disclosed in the 
'784 patent, the run condition time-current curve did not match 
the time-current curve of the start condition, resulting in less 
than optimum protection for the motor, due to either the rotor 

10 or the starter being individually the limiting factor in the 
protection, instead of both having equal effect. The curves can 
be matched, i.e. made continuous, by a time constant which 
relates starter condition to the rotor condition, but often, the 
time constant, although usually known to the manufacturer, is 

15 not made available to the motor customers. 

In such cases, a time constant must be determined and 
then added to the thermal protection calculation, but it may not 
be accurate, which results in less than optimum protection 
performance. One example is cyclical loads to the motor, where 

20 the temperature in the motor may regularly rise above a 
conventional threshold temperature but the cyclical nature of 
the load does not result in a true temperature overload 
appropriate for a tripping action. With an incorrect or less 
than optimum time constant, a trip may occur which is 

25 unnecessary. 

In this invention, a time constant is calculated 
which in fact does remove the discontinuity between the time- 
current curves of the start condition and run condition thermal 
models, resulting in a continuous time-current curve which in 

30 turn results in improved protection, decreasing unwarranted 
tripping actions. 

Disclosure of the Invention 

Accordingly, the invention is a protective relay for 
35 an induction motor, having known operating parameters including 
known overload thermal current limits, comprising: a circuit 
for measuring the input current to the motor; a first program 
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function for establishing a first thermal threshold value for a 
start condition of the motor; means for determining a 
representation of the thermal condition of the motor during the 
start condition thereof; a comparing element for comparing the 
5 start condition thermal representation with said first thermal 
threshold value and for producing an output signal when said 
first thermal threshold value is exceeded by said start 
condition thermal representation; a circuit for establishing a 
second thermal threshold value for a run condition of the motor, 

10 the second thermal threshold value being different from the 
first thermal threshold value and including a selected time 
constant which results in time-current curves of the start and 
run conditions being substantially continuous; means for 
determining a representation of the thermal condition of the 

15 motor during the run condition thereof; and a comparator for 
comparing the run condition thermal representation with said 
second thermal threshold value and for producing an output 
signal when said second thermal threshold is exceeded by said 
run condition thermal representation. 

20 

Brief Description of the Drawings 

Figures 1 and 2 are prior art electrical analogs for 
start and run conditions for a rotor thermal model for motors. 

Figure 3 is a prior art time-current curve showing a 
25 discontinuity between start and run conditions. 

Figure 4 is a time-current curve showing a continuous 
curve using the present invention. 

Figure 5 is a time -current curve with a time constant 
of 1370 seconds - 

30 

Best Mode for Carrying Out the Invention 

As indicated above, the use of start and run 
condition thermal models to provide protection for motors based 
on the actual heating and cooling of the motor during operation 
35 is known. The electrical analog representations of the start 
and run conditions are briefly discussed above and discussed in 
some detail in the '784 patent, and are shown in Figures 1 and 



2. Again, the start condition of the motor is when the measured 
current to the motor (I) is greater than 2.5 times the full load 
current, while the run condition of the motor is defined as when 
the measured current is less than 2,5 times the full load 
5 current. The full load current value is supplied by the 
manufacturer . 

The heating effect of the motor in Figures 1 and 2 is 
represented at 20, the thermal capacity at 22 and the cooling 
effect at 24 (zero for the start condition) . The combined 
10 result is compared against a threshold value by comparator 26 
and a trip decision is made. 

Each of those thermal model has a time -current curve, 
which when combined is discontinuous. Figure 3 shows the 
discontinuity between the start condition time -current curve 3 0 
15 and the run condition time -current curve 32. 

The time -current curves are produced by equations 
representing the start and run states of the motor. In the 
present invention, the same equation is used for the start 
condition time -current curve: 
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where T = time, TD = a time dial number to the trip temperature, 
I2 = locked rotor current, Ta = locked rotor time with motor 
initially at ambient temperature, and Uq = the initial (present) 
temperature of the motor. 
25 A new run condition time/current curve equation is 

used, however, to match the two curves. 



t=TCln 



I -Up 



where TC = a time constant, I = the measured motor current, and 
Uo is equal to the initial temperature of the motor. Further, 
30 TC equals: 

TC = TDR • ^ • (Ta - To) 

where T© = locked rotor time with motor initially at operating 
temperature. Further, to complete the above equation, the value 
TDR equals: 
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^„ 1 Ta TD 1 Ta TD 

TDR = — 

^•6.25 

Rn 



J_e25^ = 18.75 • Ta-To " f 6.25 ] 
{ 6.25 - (SF)^ ) { 6.25 - (SF)^ J 
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where SF is the threshold value in terms of current- The value 
6.25 is (2.5)^; 2.5 being the value of current where the start 
and run models meet. This time constant (TC) results in the two 
5 curves meeting and being continuous. 

Figure 4 shows the time/ current curve using the time 
constant discussed above. Using this calculated time constant, 
the equations for the thermal model and the start model produce 
a continuous curve. In such a case, neither the rotor nor the 

10 stator becomes the lead factor relative to the protection (the 
trip action). They both have equal impact. Further, still 
using the run condition equation, the user can insert a time 
constant from the manufacturer, if known. An example of a time- 
current curve using a time constant of 1370 seconds is shown. 

15 The resulting time-current curve is shown in Figure 5. 

The above invention can accommodate cyclic loads. 
This can be done for a specific motor by choosing a time 
constant which produces a curve which fits the service factor 
(SF) , i.e. the threshold value for the run condition for that 

20 motor. The invention thus permits the time-current curve to be 
fitted to the service factor of a particular motor. 

Although a preferred embodiment of the invention has 
been disclosed here for purposes of illustration, it should be 
understood that various changes, modifications and substitutions 

25 may be incorporated into the embodiment without departing from 
the spirit of the invention, which is defined by the claims 
which follow. 

What is claimed is : 



